High-fluence N+-implantation in steel is monitored by use of nondestructive and contactless photothermal measurements during the implantation process. The modulated reflectivity is correlated with the results of Knoop hardness testing. On-line measurements on the steel surface and direct ion beam monitoring from the back side of a monitor sample are demonstrated. The maximum of the ion implantation induced hardness is strongly correlated with the phase transition indicated by the thermomodulated dielectric function.
INTRODUCTION
Photothermal techniques of modulation spectroscopy [I] and both thermal and charge carrier wave analysis [2] play a more and more important role for nondestructive and contactless evaluation of materials [3] .The defined improvement of near surface properties of materials by ion implantation presumes both the exact knowledge of the effects and the control of the parameters (energy, dose, doserate, homogeneity) of the ion beam. Because of the complex processes mainly in the high dose region an in-situ control of the ion beam effect on the target is necessary. Photothermal methodes sensitively probe the ----thermal, electrical and structural properties of the materials. Using the sensitive and stable double modulation technique [4] to detect the thermal response rn in a wide range of the frequency domain beside the thermal wave analysis informations will be gained by modulation spectroscopy [I] concerning the change of Fig.l : scheme of the in-situ equipment the dielectric function of the material due to precipi-mounted on the target chamber of the ion tations and internal stress. implanter including current modulated semiconductor lasers is implemented [6] . The measurement by frequency conversion in the frequency domain allows the registration of the photothermal response signal in the frequency range between lOOlcHz < 52 < lOMHz during some seconds. So processes with characteristical times of some minutes will be monitored. 
ON-LINE MEASUREMENT

Ion Implantation
The N+-implantation was carried out by use of a high , , , 
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The integral can be separated by its Qdependence and describes the thermal properties meanwhile the thermomodula- was separately controlled by a Faraday cup based current measurement including a current integrator. Periodically after 5 minutes the scan table goes to the measuring position (see Fig.1 ) and the photothermal response was measured versus the modulation frequency directly on the sample. In Fig3 the measured amplitude of the conversion coefficient at 0.2 MHz is plotted versus the dose. The remarkable minimum (the amplitude of K goes through zero due to the change ZOO I logical properties of steel surfaces by high dose implantation of N+ [7] .
of the sign of the thermomodulation factor) is correlated with the maximum of 160 the microhardness of the implanted layer [7] . The measured conversion coefficient 
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ION BEAM MONITORING 4.1 Preparation of monitor layers
To measure directly the response under ion irradiation the method of back side excitation [5] of a monitor layer is used. Two types of layers were prepared: (a) Titanium evaporated on glass and (b) microscopic Silicon precipitates in glass. The thickness of both layers is about 200nm. In the case of a 5OkeV N+-implantation a thickness of about 150 nrn is influenced so the whole implantation induced changes of the structure should be restricted on the monitor layer.
Implantation monitoring
If the front side of the monitor layer is subjected to the N+ ion irradiation the change of the photothermal response signal can be registrated. The conversion coefficient is recorded versus implantation time so the dose can be measured by calibration. Fig.4 shows the results for the implantation in the two types of the monitor layer. Note the different regions of monotonous growing signals for both layer systems. This gives the possibility to monitor the dose range from 1016 cm-2 up to 5x10'~ cm-2 applying the Ti/glass system and above 5~1 0 '~c m -~ up to 2~10'~cm-* by use of the precipitate-glass system. Each system represents a nearly linear interval of the response dependence on dose and more or less oscillating parts, which are due to phase changes (formation of TiN and Si,N, respectively) in the high dose region. This changes the optical thickness of the layer and the thermomodulation factor [I].
CONCLUSIONS
The results presented in the paper demonstrate the capability of photothermal on-line measurement and monitoring for in-situ control of ion implantation processes in the dose range between 1016 cm-2 up tp 5x10'' ~m -~. Nonelectrical measurements in this high dose range are very important because of the considerable fraction of neutrals (nearly 90%) in the ion beam of high current implanters.
